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INTRODUCTION
The hallmark of chronic obstructive pulmonary disease (COPD) is the presence of airflow obstruction that is not fully reversible and is most commonly assessed by spirometry. Several guidelines provide guidance as to when to suspect COPD and recommend spirometry to confirm diagnosis. 1, 2 Nonetheless, it has been shown that the use of spirometry is limited with only a third of newly diagnosed individuals with COPD actually having spirometry to confirm the presence of irreversible air flow obstruction. [3] [4] [5] Although appropriate therapy with inhaled medications have been demonstrated to reduce symptoms, improve health-related quality of life, and decrease the rate of acute exacerbations [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , there is growing evidence that pharmacotherapy used to treat patients for COPD pose risks. 6, 7, [20] [21] [22] [23] [24] [25] Without spirometry, patients who have been diagnosed with COPD may be being medically managed without evidence of airways obstruction, leading to unnecessary exposure to risks and costs associated with COPD therapy. Appropriate diagnosis of COPD with spirometry is also important as recent research have started to show some benefit of therapy in those with mild or moderate disease. For example, a post hoc analysis examined the effects of salmeterol/fluticasone combination therapy by disease stage focusing on moderate COPD. 26 In patients with moderate COPD, this analysis showed significant improvement in post-bronchodilator FEV1 and health status, and a reduction in exacerbation rates compared to placebo. Another post hoc analysis focusing on those with moderate disease, showed better health status and longer time to first exacerbation in the group treated with tiotropium compared to placebo. 27 Although the evidence is based on post hoc analysis, both suggest benefits of pharmacotherapy in those with moderate disease. One prospective study evaluated symptomatic COPD patients with mild and moderate disease and efficacy of tiotropium. 28 This study showed improvement in airflow limitation in those using tiotropium compared to placebo. Studies evaluating rates of spirometry in new diagnosis of COPD used the Healthcare Effectiveness Data and Information Set (HEDIS) measure for COPD which recommends spirometry 720 days prior to or 180 days after a new clinician diagnosis of COPD. 29 It is unclear if primary care physicians are following guidelines or using other patient characteristics and factors to determine when to perform spirometry. In addition, it is unclear how often spirometry is used to confirm a clinicians' suspicion of COPD and how often they are correct when compared to spirometric measurement. Previous studies have shown associations between healthcare use, patient characteristics, and the use of spirometry using the Department of Veterans Affairs (VA) database. 4, 5 A limitation of these studies has been the lack of information about patient symptoms, smoking status, spirometry results to validate a COPD diagnosis and a predominantly male population. In order to improve the use of spirometry for the diagnosis of COPD, it is important to understand what characteristics, including patient symptoms, are associated with its use in primary care. The objectives of this study were to examine the characteristics associated with the use of spirometry in a primary care setting, determine the prevalence of spirometry use in all patients with a diagnosis of COPD, and determine the accuracy of COPD diagnosis in patients with spirometry.
METHODS AND MATERIALS

Study Design and Cohort
Using a retrospective cohort design, we used electronic administrative data from an urban academic medical center to identify patients who were followed in the internal medicine primary care outpatient clinic and possibly at risk for COPD. The Global Initiative for Chronic Obstructive Lung disease (GOLD), American Thoracic Society (ATS) and European Respiratory Society (ERS) guidelines state a diagnosis of COPD should be considered in any patient who has any of the following indicators: 1) dyspnea, 2) chronic cough, 3) chronic sputum, and/or 4) history of exposure to risk factors. 1,2 Based on these criteria, we used the presence of a respiratory medication and ICD-9 codes for dyspnea and shortness of breath as indicators of presence of symptoms and the presence of a tobacco cessation medication as a marker of recent tobacco use. As billing data do not always correlate with presence of the disease, we also included ICD-9 codes for COPD, emphysema, and chronic bronchitis which includes "smoker's cough" to identify those at risk for having chronic airways obstruction. As there is not a consensus on the age for testing across the two guidelines, we used an age cut off of ≥35 as appropriate to capture the majority of patients that may be considered at risk by healthcare providers. More specifically, from January 1, 2007 to December 31, 2007, we identified patients who were ≥35 years of age and had at least two visits to the general internal medicine outpatient clinic in 2007. To be included, the patient also had to have at least one of the following: 1) an active prescription for a respiratory medication (i.e. inhaled corticosteroids (ICS), long-acting beta-2 agonist (LABA), long acting anticholinergic (LAA), short-acting beta-2 agonist (SABA), short-acting anticholinergic (SAA), or theophylline), 2) an active prescription for a smoking cessation medication (i.e. buproprion, varenicline, 
Data Collection
The study period was from the first primary care encounter note to the most recent primary care encounter note in 2007 as shown in Figure 1 . The abstraction was performed by the principal investigator (MJ) and a research assistant (RA). Data for the first 200 patients included in the analysis were extracted by MJ and the RA independently. Extracted data was compared after every 25 patients and discrepancies were discussed until a consensus was reached and discrepancies were minimized. After the 200 charts, the RA completed the rest of the chart reviews under the guidance of Dr. Joo. After each 50 charts reviewed thereafter, any questions were discussed and resolved by MJ and the RA.
Demographic information (i.e. age, gender, race) were obtained using electronic administrative data. Electronic medical records used for the review included primary internal medicine care encounter notes with a physician. These encounters notes were used to determine years followed in the primary care clinic up to the inclusion date, co-morbidities, and respiratory medication use (i.e. ICS, LABA, SABA, LAA, SAA). Documentation for a visit with a pulmonary specialist was also noted. Body mass index was calculated from the most recent encounter.
From the primary care encounter notes, we abstracted the presence of chronic symptoms including dyspnea on exertion, shortness of breath, cough, and sputum. We defined chronic symptoms as follows: 1) same symptom noted in two consecutive visits more than 2 months apart and not noted as "resolved" or limited to less than 8 weeks, 2) specifically described as Figure 1 . A diagram of the timeline of cohort inclusion and data extraction.
"chronic" and not time limited to less than eight weeks. Dyspnea on exertion was defined when stated as "dyspnea on exertion" or shortness of breath with a defined amount of exertion (e.g. "with three blocks", "going up one flight of stairs").
Smoking status was identified as "current" if active smoking was noted, "past" if past smoking was noted or smoking was mentioned without a time frame defined, "never smoker" is noted as a never smoker in the chart, or "not noted" if smoking was not mentioned anywhere in the primary care notes.
Procedure notes as well as scanned records from outside medical care were reviewed to determine whether spirometry was performed and the results were recorded. We recorded the presence of spirometry in the chart and used the most recent results for patients with multiple sets. For those patients who had spirometry, the following characteristics were identified up to the time of the most recent spirometry and used in the adjusted logistic regression analysis: diagnosis of COPD, chronic symptoms, and respiratory medications.
Statistical Analysis
Characteristics of the patients were summarized using percentages to describe categorical variables and means and standard deviations to describe continuous variables. Comparisons between groups were made using Chi squared tests for categorical variable and t tests for continuous variables. Odds ratios and 95% confidence intervals were used to quantify the association with spirometry use using unadjusted and adjusted logistic regression models. The adjusted model included the following covariates: age, gender, race, body mass index, years seen by primary care provider, pulmonary visits, comorbidities, chronic symptoms, tobacco history, and respiratory medications. For patients with available spirometry results in the medical records, the results were compared to the Global Initiative for chronic Obstructive Lung Disease (GOLD) criteria 2 
RESULTS
There were 1052 patients identified as being potentially at risk for COPD. A total of 527 (50.0%) had a spirometry performed at any time during their primary care. Table 1 shows the patient characteristics stratified by whether spirometry was performed. At least one chronic symptom was reported by 73.5% of the cohort. Table 1 also shows the adjusted analysis between spirometry use and covariates. Table 1 shows the prevalence of COPD diagnosis prior to the most recent spirometry if a spirometry was performed or COPD diagnosis at any time during the study period if spirometry was not performed (n=222). Of these patients, 72.1% had spirometry performed during the study period. There were 59 patients who had a new diagnosis of COPD after spirometry. During the study period, of all those with a diagnosis of COPD at any time (n=281), 77.9% had spirometry during the study period.
Of the 527 patients who had spirometry performed, 521 had results available. Figure 1 shows the accuracy of a clinician diagnosis of COPD based on lower limit of normal and GOLD criteria. Of the 521 patients, 159 (30.5%) had a diagnosis of COPD. Of the 159 patients with a diagnosis of COPD, only 93 (58.5%) met GOLD criteria and 81(50.9%) met LLN criteria for COPD. Of the 362 patients without a diagnosis of COPD, 93 (25.7%) met GOLD criteria and 77 (21.3%) met LLN for COPD. After spirometry was performed 34% who met GOLD criteria for obstruction and 32% who met LLN criteria for obstruction had a diagnosis of COPD by their primary care provider.
A total of 62 patients carried a diagnosis of COPD and did not have a spirometry associated with the diagnosis. Of those 23 also had a diagnosis of asthma; therefore 39 had a diagnosis of COPD without asthma. Of the 62 patients who had COPD, 45 (72.6%) were receiving at least one respiratory medication. Of the 39 who had a COPD diagnosis only, 28 (71.8%) were receiving at least one respiratory medication
DISCUSSION
In our study, those with chronic dyspnea on exertion and chronic cough were more likely to have a spirometry performed, whereas current or past smoking was not associated with the use of spirometry. We found that the rate of spirometry use in those with new and existing diagnosis of COPD was quite high but not optimal. Moreover, clinician diagnosis of COPD compared to spirometry was accurate only about half of the time.
Our study is reflective of an urban medical center with a large proportion of minority patients and high rates of obesity, a population not previously represented in studies evaluating COPD and spirometry use. We found that neither of these characteristics was associated with the use or nonuse of spirometry compared to Caucasians and normal weight individuals, respectively. Previous studies using HEDIS criteria which is 2 years prior to and up to 6 months after the new clinician diagnosis of COPD show that only about a third of those with a Figure 2 . This figure represents patients in the cohort who had a spirometry performed. Of those who also had a diagnosis of COPD, the proportion of patients with airway obstruction as defined by the lower limit of normal and GOLD criteria is shown. Of those without a diagnosis of COPD, the proportion of patients with airway obstruction as defined by the lower limit of normal and GOLD criteria is shown.
new diagnosis of COPD had spirometry. Our study shows that primary care physicians are performing spirometry outside of the HEDIS time frame resulting in more than three-quarters of those with COPD having spirometry performed at some time during their usual care. Although this is an improvement, it shows that nearly a quarter of patients with COPD still have not had spirometry to confirm the diagnosis. This remains important as primary care physicians are only accurate in their clinical diagnosis of COPD about half the time compared to spirometry results. As spirometry testing was available in the outpatient primary care clinic, the rate of spirometry use seen in this study may be inflated compared to other clinics without spirometry in the outpatient setting. Consistent with ATS/ERS and GOLD guidelines 1, 2 , primary care physicians were more likely to obtain spirometry when there was the presence of chronic dyspnea on exertion or SAA = Short-acting β-agonist; SAA = Short-acting anticholinergic, LABA = Long-acting β-agonist, LAA = Long-acting anticholinergic; ICS = Inhaled corticosteroids chronic cough. However, they were less likely to obtain spirometry in the presence of chronic sputum and the results were equivocal with chronic shortness of breath. The reason for this is unclear. It is possible that sputum when considered separately may not be considered a respiratory symptom in the same category as dyspnea on exertion and cough with respect to COPD, even though listed as a key indicator for considering a diagnosis of COPD by the above guidelines. Shortness of breath alone without an indicator of any level of exertion may be too nonspecific to warrant a diagnostic test such as spirometry or not pursued in detail as the level of exertion is a way to quantitatively assess any level of shortness of breath. The lack of association of current or past smoking status and spirometry is also not consistent with ATS/ERS and GOLD guidelines, but is consistent with the U.S. Preventative Services Task Force (USPSTF) recommendation against screening for COPD. 32 However, physician practice in our study, although reflective of USPSTF recommendations, could not have been in response to the guidelines as they were published in 2008 and our cohort was not followed beyond the year 2007.
Prior to this study, we assumed that the longer a patient was followed in the primary care clinic, the more likely they were to have a spirometry performed. However, that was not the case. Patients who were followed longer were less likely to get spirometry when compared to those who were followed for only up to 2 years. A possible explanation could be the competing demands in a busy practice where COPD may be less of a priority than other acute and chronic medical concerns such as hypertension and diabetes mellitus. As primary care encounters have time constraints, multiple medical conditions, patient concerns, and point of care for other chronic conditions compete for priority during a single visit. Although competing demands have not been studied for COPD, it has been shown to have a negative impact on tobacco cessation counseling. 33 Once a patient has been seen, primary care physicians may be less likely to obtain spirometry unless there is a new issue (e.g. new or worsening symptoms). If these patients are being treated with respiratory medications, a new clinical paradigm may be needed to confirm diagnosis in those with pre-existing clinical diagnosis of COPD. In our study, almost a quarter of patients without a diagnosis of COPD prior to spirometry had airways obstruction and subsequent follow-up did show a new diagnosis of COPD in about a third of these patients. We did not have appropriate follow-up time to observe all physician decision making in regards to the diagnosis of COPD post-spirometry. In future, it would be important to note if spirometry results alter the pre-test diagnosis in clinical practice or if providers are still diagnosing patients based on symptoms, history, and/or response to therapy post-spirometry.
Our study has some limitations. First, this was a single center study which limits its generalizability. However, our cohort was from an academic medical center with outpatient spirometry testing available, so the rate of spirometry use is likely much higher than the general primary care clinic setting. Second, postbronchodilator values were not available for all spirometry results. This may have misclassified some with reversible airways disease. Third, information garnered from the primary care encounters may not be exactly reflective of the encounter. For example, a patient may complain of a symptom that is not listed in the encounter note. Fourth, we did not delineate why the spirometry was performed. For example, it may have been performed for perioperative risk assessment. Our analysis does not infer causality; however, regardless of the indication for spirometry, once performed, obstruction can be defined based on the results.
In conclusion, the use of spirometry at any time during primary care in the diagnosis of COPD was suboptimal and the symptom indicators associated with COPD and spirometry were chronic dyspnea on exertion and chronic cough which is consistent with guidelines. For patients who had a spirometry and a diagnosis of COPD, primary care physicians were accurate in their diagnosis only half of the time. Our results suggest that recommendations for the use of spirometry should emphasize confirmation of diagnosis not only when the diagnosis is new but also when the diagnosis is pre-existing.
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